-397 ICU patients with proven invasive candidiasis, -Treatment with azoles or echinocandins -Echinocandins were more frequently administered to severely ill patients -After adjustment, echinocandin use not associated with an improved 28-day prognosis -A marginal beneficial effect of echinocandins for patients with concomitant septic shock.
Introduction
Invasive candidiasis (IC) are known to be a leading cause of nosocomial infection, particularly in intensive care units (ICUs) . Over the twenty past years, new antifungal drugs were approved for the treatment of IC, particularly azoles and echinocandins which have been shown to be better tolerated. Moreover, echinocandins have an extended spectrum for Candida species, including Candida glabrata and Candida krusei for which azole agents are known to be less sensitive. The emergence of this new class of antifungal agents had changed the way of managing IC and new guidelines were issued that recommend to prescribe echinocandins as first line antifungal therapy and to consider fluconazole only as an alternative for patients who are not critically ill [1, 2] .
However, despite of these developments, the incidence and the mortality of IC remained unchanged over the past years [3, 4] and raise the question about the efficacy of these recommendations. Moreover, it was shown that antifungal therapy clearly impacts the distribution and the susceptibility of Candida species in an ICU [5, 6] , induces a selection of the resistant strains possibly responsible for clinical failure [7] and leads to costs increase [8] .
Two trials demonstrated that echinocandins are as effective as amphotericin B [9, 10] , but there are poor data on the comparison of echinocandins and azoles in the case of ICU patients.
In a randomized, double blind, non inferiority trial included 245 patients, Reboli et al showed that anidulafungin was non inferior to fluconazole in the treatment of IC [11] . In a secondary analysis of the same randomized clinical trial, which included a subgroup of 163 critically ill patients, Kett et al showed that anidulafungin had a better global response rate (70.8% N=89) at the end of treatment than fluconazole (54.1% N=74), but without any effect of anidulafungin on survival [12] . Further comparisons between azoles and echinocandins in the most severely ill ICU patients with proven candidemia are lacking.
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3 This explains why the last IDSA guidelines recommend echinocandins as the preferred empiric therapy in non-neutropenic ICU patients, but still consider fluconazole only as an acceptable alternative for patients without recent exposure to azoles and who are not colonized with azole-resistant Candida species [1] .
From the prospective multicenter AmarCAND2 cohort, i.e., ICU patients treated by systemic antifungal therapy (SAT) for suspected or documented IC, we selected the subset of patients with documented invasive candidiasis and treated with azoles or with echinocandins in order to assess whether echinocandins, compared to azoles, are beneficial for the 28-day patient prognosis. We used inverse probability of treatment weighted (IPTW) estimator to adjust on probability of being treated with echinocandins.
Material and Method

Study design
The patients were selected from a multicenter, prospective, observational study conducted in French intensive care units (ICUs) during one year (2012-2013): AmarCAND2. The investigating centers were ICUs having managed at least one IC within the past year, and willing to participate into the study. Investigators enrolled patients according to the study protocol and managed them according to their own clinical judgment, independently from the sponsor. The Ethics Committee of the French Intensive Care Society and the French National Committee for Data Protection and Freedom of Information approved the study. Such an observational study does not require patients to sign an informed consent according to French regulations; however, written information was provided and oral consent was obtained from all participating patients whenever possible, or their family.
Patients
Investigators enrolled consecutive adult patients hospitalized in ICU and requiring SAT for documented or suspected invasive Candida infection during their ICU stay. Patients receiving prophylactic SAT, those with neutropenia (absolute neutrophil cell count ≤500/mm 3 ), those who had undergone solid organ transplant within the previous 15 days or those receiving SAT for a mold infection were excluded. Clinical and mycological data collected were defined elsewhere [13, 14] .
Studied population
AmarCAND2 patients with a primarily or secondarily documented IC were included in the study. Patients with another initial SAT than echinocandins (caspofungin, micafungin or 
Study outcomes
The primary outcome was to evaluate whether echinocandins treatment as initial SAT was, or not, associated with the improvement of the 28-day mortality as compared to the mortality of adult non-neutropenic ICU patients who received azoles as initial SAT. Sub-group analyses of the primary objective were performed for (1) by considering only patients with an inadequate loading dose of fluconazole (<12 mg/kg) (2) patient with a primary documented IC, (3) patients with an empirical secondarily documented IC (4) patients with candidemia; (5) patients who had another IC than candidemia (intra-abdominal candidiasis or deep-seated IC); (6) patients who had an IC due to susceptible species (excluding C. glabrata and C.krusei) (7) patients who had an IC due to C. albicans; (8) patients who had an IC due to non albicans species; (9) patients with a SOFA score higher than 6; (10) presence or absence of a septic shock (11) presence of a septic shock after excluding patients with IC due to C. glabrata and C. krusei. The secondary objective was to compare the effect of the initial SAT for adults ICU patients on the SOFA score at day 7. An IC was defined as primarily documented on the basis of either a positive direct examination, or the knowledge of the yeast identification on blood culture, per-operative sample or direct puncture of a sterile site, the day of SAT initiation.
Conversely, the IC was defined as secondarily documented if the SAT was administered without documented evidence of infection.
Statistical analysis
A descriptive analysis of the patient's characteristics was performed using median and interquartile range for quantitative data and frequencies and percent for qualitative data. The test for qualitative data, and Mann-Whitney test for quantitative data. To estimate the average causal effect of ECH on 28-day mortality, an inverse probability of treatment weight estimator (IPTW estimator) was used. The IPTW estimator is an extension of the propensity score [15] . The general principle of IPTW is to balance the distribution of baseline confounders across treatment groups, in order to reach the condition of a randomized controlled trial. Two modeling steps are required. The first step is to model the treatment assignment, i.e. the propensity to receive an echinocandin as initial SAT, which is needed to compute the weights by using a non parsimonious multivariate hierarchical logistic regression model, allowing accounting for center effect. The second step is to model the outcome as a function of the treatment in the weighted sample by using a Cox proportional hazard model. Some sensitivity analyses were performed for all sample by (1) excluding withdrawal patients (2) considering withdrawal patients as deceased (3) including patients with amphotericin B as initial SAT in the AZO group (4) excluding patients who received micafungin or anidulafungin from the ECH group. Statistical analyses were performed using SAS v9.4 (SAS Institute Inc., Cary, NC, USA.). A p-value of <0.05 was considered as significant.
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Results
Patient characteristics
From 835 patients enrolled in the AmarCAND2 study, 397 patients who received either echinocandins (ECH: N=242; 61%) or azoles (AZO: N=155; 39%) as initial SAT were included in the present study ( Figure 1 ). In the ECH group, patients had a higher median SAPS II score (48 [35; 62] vs. 43 [31; 58] p=0.01), a higher median Charlson index (6 [4 ; 7] vs. 4 [3 ; 6] p<.01) and were more frequently admitted for medical reasons (Table 1) . Crude mortality was 34% in the ECH group and was significantly greater than in the AZO group (25%; p =0.04).
SAT initiation and invasive candidiasis
At the time of SAT initiation, patients in the ECH group had a higher median SOFA score (8 [4; 11] vs. 6 [3; 8] ), were more frequently in septic shock and more frequently exposed to central venous catheters, hemodialysis and vasoactive drugs. Primarily documented infection was observed in 185 patients in the ECH group (76.4%) and 100 cases in the AZO group (64.5%). The most frequent type of IC was candidemia in the ECH group and peritonitis in the AZO group. There was no difference in Candida species involved in the IC between both groups. The median time between the collection date of the positive sampling and SAT initiation was two days in both groups. However, when time was categorized, patients in ECH group had more frequently their SAT first administration one to two days after the collection date (p<0.01) ( Table 1 ). Finally, the loading SAT dose followed guideline [1] for ECH: 70 mg for caspofungin (95%) and 100 mg for micafungin (100%). However, the loading dose for fluconazole was not adequate in the majority of patients: only 53 patients (35%) had a loading dose equal or above 12mg/kg, 38 patients (25%) had a loading dose ranked between 10 and
According to the available data from investigators, the majority of species were susceptible to the initial SAT administered (Table E1 ). Of note, there were 3 patients (1%) with IC due to C. krusei, including one resistant strain to fluconazole, and 20 patients (5%) with IC due to C. glabrata, including one resistant strain and 13 strains with intermediate susceptibility to fluconazole, treated by fluconazole as first SAT and 12 patients (3%) with IC due to C. parapsilosis, without resistant strain to caspofungin (Table E1 ).
Concerning the control of the source of infection, patients in the ECH group had more often the immediate removal of their intravascular devices (15.7%). The number of patients with more than two positive blood culture was 50 (20.7%) in ECH group and 14 (9%) in the AZO group.
Five days after SAT initiation, 73 patients (30%) were deescalated from echinocandin to fluconazole.
Finally, there was a higher proportion of AZO patients in a center with an infectious disease adviser within the ICU (94.2% in AZO group vs. 85.5% in ECH group).
Primary outcome
The following variables were retained in the weight model (Table E2) Table 2) . Sub-group analyses showed no significant association between echinocandins and outcome for all subgroups. Interestingly, removing the less susceptible species (C. glabrata and C. krusei) had no impact on the result (Figure 2 ). One sub-group analysis, focused on patients with septic shock, showed a trend to a beneficial effect of echinocandin as initial SAT, with a 54% decrease in 28-day mortality (HR: 0.46 [0.19; 1.07], p=0.07). Once again, the exclusion of patients with IC due to C. glabrata and C. krusei, which have a less susceptibility to echinocandins or azoles had no impact on the result (HR: 0.43 [0.16; 1.13], p=0.09). Finally, sensitivity analyses showed no difference in the result.
To attempt to capture IC attributable mortality, we postulated that early deaths (7-day mortality) are more related to the IC than the late ones. There were 50 patients who died concluded that echinocandins were as effective as azoles either for prophylaxis or treatment of patients with fungal infections [17] . Moreover, a meta-analysis focusing on C. parapsilosis infection showed that, although echinocandins are as effective as fluconazole, there was no benefit of echinocandins on patient prognosis [18] .
In, a recent retrospective multicenter study included patients with intra-adbominal candidiasis, Lagunes et al. also showed that echinocandin (as compared to fluconazole) was more frequently administered as initial SAT in patients with a higher severity score, septic shock or candidaemia. After adjustment on confounders using a multivariate logistic regression, the initial empirical therapy did not influence the outcome [19] .
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In the case of empirical therapy, there was no evidence for echinocandin superiority and ESCMID guidelines had no suggestion about the nature of the initial SAT [2] . Conversely, the new IDSA guidelines recommend echinocandins as preferred empiric therapy in nonneutropenic patients in ICU [1] . This new recommendation is a change compared to the last one where echinocandins were recommended when patients were previously treated by azoles, but was not based on new evidence [16] . In the recent EMPIRICUS trial, comparing empirical micafungin and placebo in mechanically ventilated patients with sepsis, there was no evidence for a benefit in survival [20] . Here, we did not show any beneficial effect of echinocandins in case of secondarily proven IC. A possible explanation was the fact that patients on echinocandin group seem to have been treated later than patients in the azole group (Table 1) , while it is well know that time to treatment initiation is a main independent factor for survival in ICU [21, 22] . In addition, the pharmacokinetics of antifungal agents might be altered in critically ill patients [23] .
In the case of targeted therapy, ESCMID and IDSA guidelines recommend echinocandin as first line drug [1, 2] . This recommendation was based on the result of the trial of Reboli et al., which compared anidulafungin and fluconazole. But the conclusion of the trial is only that anidulafungin was non-inferior to fluconazole, and there was no evidence that anidulafungin was significantly associated to an improvement of the patient prognosis [11] . Our results showed no significant difference between azoles and echinocandins in case of primarily diagnosed IC.
Delaying intra-vascular device removal is a risk factor for mortality [21] , and last IDSA guideline confirmed the necessity to remove central venous catheter as early as possible [1] .
Here, patients with echinocandins as first SAT were more exposed to the immediate removal of central venous catheter than patients with fluconazole as initial SAT. It was introduced as a confounder in the multivariable analysis. After adjustment for measured confounders, Finally, we explored the variation of the SOFA score between SAT initiation and day 7 after SAT initiation, and there was no significant difference between both antifungal classes. This result is likely explained by the overall susceptibility of the Candida strains to the initial SAT, according to the available data.
This study has several strengths. It is probably the largest prospective cohort of patients treated by azoles or echinocandins in ICU exclusively for primarily or secondarily invasive candidiasis. The data collection allowed using adapted methods of the counterfactual theory to adjust for measured confounders [15] . Finally, measure of MIC showed that there was few resistant strains observed, and sensitivity analyses excluding the less susceptible Candida species showed no modification in the result.
However, this study had several limitations. First, it was an observational study without randomization for treatment. Indeed, some unmeasured confounders could influence the results, in particular the reasoning of the decision to treat by echinocandin or fluconazole. prognosis. Third, the loading dose of fluconazole was lower than 12 mg/kg in two-third of the cases. But even in this subgroup with a loading dose lower than recommended, echinocandin use did not improve the prognosis. Fourth, only non-neutropenic ICU patients were included.
So these results cannot be directly extrapolated to other patients, such as oncology patients.
Finally, biomarkers were not frequently used in participating ICUs, so it was difficult to assess the impact of biomarkers or scoring systems for the choice of preemptive antifungal therapy. Further studies should be performed to assess the impact of echinocandins compared to azole in specific settings such as oncology patients, or in ICUs that utilize biomarkers or scoring systems for earlier initiation of preemptive therapy for IC.
To conclude, in a large multicentre cohort of non-neutropenic ICU patients, we failed to show a beneficial effect of echinocandins as initial SAT on patient prognosis, comparatively to azoles. The results suggested only that echinocandins should be preferred for ICU patients with septic shock. This should be confirmed by a randomized clinical trial or a larger cohort study involving ICU patients with a septic shock and including time-dependent confounders.
If the choice of echinocandin as first line SAT should be based on the wider antifungal spectrum, a strong safety profile and the theoretical advantage of a lower potential for resistance selection, according to the last IDSA guideline [1] , the trend toward a better outcome cannot be confirmed, based on our results. The choice between echinocandin and azole should be based on the azole-resistance profile and the improved safety, more than on the trend toward a better outcome. This is especially important given the fact that the previous antifungal use impacts on the further emergence of antifungal resistance. Finally, a more appropriate choice of early antifungal therapy is reliant on the development of more precocious culture-independent diagnostic tools, such as the T2 nanotechnology or B-Dglucan assay. Further prospective studies including these new methods may lead to more precise recommendations to select the best initial antifungal therapy. If HR>1 azole as initial SAT is protective for 28-day mortality. If HR<1: echinocandin as initial SAT is protective for 28-day mortality.
*SS: Septic shock with susceptible Candida spp: Patients with IC due to C. glabrata or C. krusei were excluded from the analysis. N=142.
